We report a case involving a spring-gun device (muzzleloader) loaded solely with gunpowder, installed next to shoes to prevent the neighbors' puppy from removing them. The booby trap was triggered by the 15-year-old dog-owners son when he tried to put the shoes out of the reach of the puppy. The boy suffered second degree superficial burns located mainly at the dorsal side of the right hand and fingers. To estimate the danger of the used weapon, several tests were undertaken on soap blocks from different distances and with different loads of black powder. The particle density per mm 2 and the depth of black powder tattooing in the soap was compared with the boy's injuries, and found conclusive with the gun-owners statement regarding the loading of the weapon. Furthermore, our experiments indicated that the gunpowder load involved was not able to inflict permanent damage, not even to the eyes, at the here estimated firing distance. FIGURE 5. Load 2.18 g, distance 40 cm.
S pring-guns are occasionally used to kill animals for which case they are usually loaded with a bullet. Without the projectile, the gun is comparable to a warning-shot weapon. However, these guns can be loaded with a larger amount of gunpowder, thus raising the question of a potential danger to animals or humans. In this article, we report the injury of a juvenile with such a weapon and the experimental assessment of the gunpowder load necessary for the injuries. By firing at soap blocks from different distances with the involved muzzleloader information on potential harm due to burning and gas jet in dependence of the firing distance and gunpowder load were gained. Then the results were compared with the injuries and the claims made by the involved parties.
CASE REPORT
A mans shoes were regularly removed from his front door by his neighbors puppy. He therefore decided to scare the animal and constructed a booby trap with a spring-gun/muzzleloader ( Fig. 1) , which, according to his statements, was loaded with half a thimble of gunpowder sealed with a piece of paper. The 15-year-old dogowners son decided to remove the shoes out of the puppy's reach to prevent further problems with the weapons' owner, but accidently set off the weapon. The boy suffered gunpowder tattooing and burns on the dorsal side of the fingers and back of the right hand as well as the right lower forearm (Fig. 2 ). Curettage and tweezers removed the gunpowder flakes in the skin, and lymphangitis, which developed due to the hand burn, was successfully treated with antibiotics.
MATERIALS AND METHODS

Test Setting
To test the approximate firing distance, the amount of gunpowder used and the injury potential, several test shots (Table 1) were fired onto glycerine soap blocks (so-called ballistic soap) with the original weapon. 1 For this, we used the following materials:
• 2.18 (equivalent to 1 ⁄2 thimble), 3, and 1.5 (additionally laced with sand) grams of gunpowder (black powder number 2, dynamite Nobel hunting powder). • Muzzle loader primer number 1075. • Paper seal: approximately 0.13 g.
The particle density in a radial distance from the gunshot axis on the soap blocks was compared with the density on the victim's hand. Furthermore, the penetration depth of the gunpowder grains in the soap blocks was measured (by cutting the block into slices in the impact direction) and the involved impact energy (the energy density is decisive for the penetration capability of a particle) was determined by ascertaining the volume of the cavities, caused by the powder grains (In ballistic soap, the volume of a cavity corresponds highly with the energy of the causative object 1,2 ).
RESULTS
Particle Distribution
The particle distribution on the index finger and the middle finger were 0.70 and 0.47 particles per mm 2 , respectively ( Table 2) .
The firing at soap blocks showed that within 20 mm from the shot axis (radial) and a gunpowder load of 2.18 g, particle densities of 0.64, 0.34, and 0.20 per 1 mm 2 resulted at firing distances of 20, 30, and 40 cm, respectively (Figs. 3-5). In a 50 mm radial and 2.18 g load, firing distances of 20, 30, and 40 cm displayed densities of 0.66, 0.30, and 0.16 per 1 mm 2 , respectively.
Penetration Depth
The penetration depth of the powder grains at an approximate firing distance of 20 cm with a load of 2.18 g ( 1 ⁄2 thimble) was 1 to 1.5 mm, with the 3 g load it was about 2.5 to 3 mm. Sand grains entered the soap approximately 10 to 12 mm, in one case even 30 mm (Figs. 6, 7) .
DISCUSSION
Due to the comparison between the particle densities of the injured hand and the shots given onto the soap, we conclude that the statement that the weapon was loaded with about half a thimble of gunpowder is plausible. The firing distance between muzzle and hand would have amounted to approximately 20 to 25 cm. Because gunpowder gases can reach more than 2000°C in the barrel, burns, and superficial gunpowder tattooing of the skin will occur at such a short firing distance. Such superficial lesions will not lead to permanent damage. If the eye were hit by the muzzle blast or gunpowder particles, an injury to the cornea with superficial mechanical and thermal damage to the cornea cells would consequently occur. However, the penetration of the eye by powder particles is simply not possible due to their low energy. According to personal communication of Martin Bodenmueller, MD, senior physician at the eye clinic of the cantonal hospital of Aarau, a brief contact time of a burning cigarette end (600°C-900°C) with the cornea will not suffice to damage it permanently. Therefore, the even shorter exposure time of the heat of a muzzle blast 20 to 25 cm away will not suffice to damage to deeper corneal layers. Instead, special cells located on the outer margin of the iris will initiate a replacement of the damaged cells of the cornea. 3 This only applies for larger firing distances. In very close firing distances (few centimeters), the gas stream from the muzzle can act as a projectile and may give rise to wound channels with considerable depth and may harm larger blood vessels. 4 As black powder has an energy potential (the so-called energy heat) of approximately 2650 J/g 1 a comparison of the powder masses (which correspond to the total released energy) between the present spring-gun device and a warning shot weapon with similar caliber shows the following:
• Spring-gun devices as in the present case loaded with 2.18 g black powder display a total energy of approximately 5780 J. • Warning-shot weapons of caliber 9 mm R, SP-cartridge 0.58 g black powder show a total energy of approximately 1540 J.
• Therefore, due to their greater energy, spring-guns are potentially more dangerous than warning-shot weapons.
CONCLUSIONS
A muzzleloader charged with more than 2 g bears a considerable risk of harming a person, especially in close-range shots (Ͻ10 cm). The test model with ballistic soap showed a good reproducibility of the real-life injuries.
